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ABSTRACT 
In Malaysia, concerns exist in relation to the presence of physiochemical and xenobiotic organic 
compounds (XOCs) in laundry greywater (LGW). The aim of this study was to identify the 
physiochemical and XOCs characteristics of LGW and evaluate the efficiency of using solar 
water distillation (SWD) for LGW treatment. The presence of physiochemical pollutants and 
XOCs was removed using the SWD treatment. LGW samples were collected from three 
different building blocks which are block A, B and D at Perwira Residential College, Parit Raja, 
Johor. An SWD treatment model was designed and developed using Polyethylene 
Terephthalate (PET) plastic bottles. The SWD treatment model and raw LGW were dried under 
the sun from 8 a.m. until 5 p.m. daily. Both raw and treated LGW were collected and tested for 
physiochemical parameters and XOCs. The results showed that the highest biochemical oxygen 
demand (BOD) removal was 90.8% in block B whereas the highest chemical oxygen demand 
(COD) removal was 98.9% in both block A and block D. It achieved a total suspended solid 
(TSS) removal of 100% and a turbidity removal of 98.4% in block A. On the other hand, the 
gas chromatography-mass spectrometry (GC-MS) results showed that the highest XOC 
removal was 84.1% of camphor. It can be concluded that the SWD treatment is effective for 
reducing contaminants in LGW. 
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INTRODUCTION 
Malaysia receives substantial rainfall of approximately 2600 mm annually. However, it is still 
unable to cope with the increasing demand for freshwater (Danial et al., 2016). Greywater refers 
to wastewater generated by households, buildings and certain industries, except wastewater 
from the domestic sewerage system. Landscape and agricultural irrigation using untreated 
greywater can potentially influence soil quality and pose serious health risks to humans (Finley 
et al., 2009). Besides, untreated greywater discharge can lead to the pollution of water bodies 
(Rogé et al., 2016). Since lakes and rivers are major water resources for potable water, water 
pollution caused by untreated greywater discharge has made the production of potable and 
useable water even more challenging (Etchepare et al., 2018). 
 Laundry products are expected to be one of the major sources of XOCs in municipal 
greywater. It is wise to know the different characteristics of greywater produced by different 
consumers as the methods for removing XOCs may differ from region to region (Eriksson et 
al., 2003). Although many of the XOCs are able to be biodegraded by several types of 
microorganisms, but some microorganism is resistant. This is because most household 
chemicals and personal care products produced to meet consumer demands have long lasting 
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expiry dates, causing them to be chemically inert and biological stable as they are not 
recognised as substrates by existing degradative enzymes (Eriksson et al., 2002).  
 Several studies regarding the physiochemical characteristics of greywater have been 
conducted (Noutsopoulos et al., 2015). It was found that laundry greywater had unacceptably 
high chemical and physical parameters compared to the standard wastewater irrigation 
guidelines (Merz, 2008). Yet, the physiochemical characteristics of the alternative greywater 
sources reported are rather controversial due to the presence of particular compounds in laundry 
products (Merz, 2008). However, untreated household greywater was not encouraged to be 
reused for any other purposes due to the potential hazards of human toxicity or ecotoxicity 
(Andreadakis et al., 2015). Xenobiotic organic compounds (XOCs) in greywater may come 
from sources including laundry washers, kitchen sinks, and showers. The treatment of XOC in 
greywater is an increasingly urgent matter which should be resolved in order to curb water 
shortage and pollution (Rogé et al., 2016). Among the different types of pollutants, XOCs may 
physiologically affect people, animals including vertebrates and invertebrates, as well as the 
ecosystem as a whole (Rogé et al., 2016). Eventually, it can cause negative impacts on the 
aquatic ecosystem such as the loss of habitat and biodiversity, development of microbiological 
resistance, feminisation of fish, and XOC accumulation in soil, plants and animals (Rogé et al., 
2016). The use of greywater for irrigation purposes on grown crops and fancy plants is causing 
the serious deterioration of soil and groundwater quality due to the toxicity of XOCs. Some of 
these XOCs are resistant to natural biodegradation as they are chemically and biologically inert. 
Therefore, solar water distillation (SWD) has been seen as emerging potential treatment for 
degrading organic pollutants in greywater. Thus, this study focuses on the investigation of XOC 
degradation using SWD.  
 SWD has been introduced in 1872 by Carlos Wilson, the creator of the first sun-powered 
desalination plant. Many researchers have been improving this method ever since it was first 
developed. The SWD method uses direct solar radiation to purify dirty water by heating the 
water until its evaporation point (Gulyas et al., 2013). Water vapour will form, condense and 
finally be collected in a distillate tank. As water has a lower vaporisation point, most of the 
chemical contaminants in drinking water will be left behind through this process. Therefore, a 
simpler solar water distiller is capable of removing salts, bacteria, heavy metals and many other 
contaminants from polluted water (Thomas et al., 2009). 
 The use of SWD for purifying different types of water has been reported by many 
researchers. However, only a few studies on the use of basic SWD for purifying greywater exist 
(Hartwig et al., 2012). In fact, most of the research studies have reported the successful removal 
of salt from seawater for potable water production. One of the significant examples is the Al-
Khafji solar esalination plant. It is currently the world’s largest solar desalination plant in Saudi 
Arabia (KSA) which produces 600,000 gallons of water per day (GDP) (El-Ghonemy et al., 
2017). Different SWD designs and methods included the use of black containers, spherical solar 
stills, pyramid solar stills and customised solar stills (Arunkumar et al., 2012; Devasagayam, 
2015; Narula et al., 2017). Meanwhile, this study focuses on the use of SWD for enhancing 
greywater quality. 
 
METHODOLOGY 
In order to maximise the efficiency of the system, an SWD system was designed and developed 
using one 1.5 litre Polyethylene Terephthalate (PET) plastic bottle and one 500 millilitre PET 
plastic bottle. A model of the SWD system is shown in Figure 1. The bottom of the 1.5 litre 
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bottle was painted black so that the feed water container has a better ability to absorb solar heat. 
On the other hand, the 500 millilitre bottle on the top acts as a condenser to collect water vapour. 
The Polyvinyl Chloride (PVC) plastic pipe in the middle allows vapour to escape from the 
bottom feed bottle to the upper condensing bottle. A parabolic surface covered with aluminium 
foil was used to focus the sunlight on the bottom feed bottle and increase the speed of heating 
the feed water. In addition, the PET plastic bottle. A model of the SWD system is shown in 
Figure 1. The bottom of the 1.5 litre bottle was painted black so that the feed water container 
has a better ability to absorb solar heat. On the other hand, the 500 millilitre bottle on the top 
acts as a condenser to collect water vapour. The Polyvinyl Chloride (PVC) plastic pipe in the 
middle allows vapour to escape from the bottom feed bottle to the upper condensing bottle. A 
parabolic surface covered with aluminium foil was used to focus the sunlight on the bottom 
feed bottle and increase the speed of heating the feed water. In addition, the upper condensing 
bottle was wrapped with aluminium foil which acts as a reflective surface of solar heat which 
further enhances the condensing efficiency of the condensing bottle. This SWD system was left 
under the sunlight from 8am to 5pm. The resulting vapour collected was taken and stored in a 
PET bottle and tested in the lab. 
 
Figure 1: SWD design using PET bottles 
 
Figure 2: The ongoing SWD treatment process. 
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The physiochemical characteristics of laundry greywater were tested before and after the SWD 
process. In order to determine the physiochemical characteristics of water, laboratory tests were 
conducted to examine parameters such as BOD, COD, dissolved oxygen (DO), pH, TSS, 
temperature and turbidity. Standard Methods for the Examination of Water and Wastewater, 
541 from APHA/AWWA/WEF, 2012 were used as guidelines to conduct the laboratory tests. 
In order to determine the XOCs characteristics of laundry greywater, liquid sample extraction 
was performed. An Agilent GC-MS instrument was used for measurement to identify the XOCs 
which are present in laundry greywater. 
 
Table 1: Standard methods and equipment required to conduct the laboratory tests 
 
 
RESULTS AND DISCUSSION 
Physiochemical Characteristics of Laundry Greywater 
The removal efficiency of physiochemical pollutants using the SWD treatment system reached 
relatively high values. It achieved a BOD removal rate of 90.8% for the laundry greywater 
sample from block B. However, the BOD removal rate in laundry greywater was lower than the 
ones in previous studies of 2.6 mg/L (Ghrair et al., 2015) and 0.6 mg/L (Sivakumar et al., 2017) 
which achieved BOD removal rates of 95.7% and 99.0%, respectively. This study achieved a 
slightly higher COD removal of 98.9% in both block A and block D. In comparison, the TSS 
removal rates from previous studies Sivakumar et al., (2017) and Ghrair et al., (2015) were 
96.7% and 92.2%, respectively. However, this study achieved a TSS removal rate of 100%. 
The best removal rate was found to be from block A with a turbidity removal rate of 98.4%.  
 
 
 
 
 
 
 
 
ICSET 2018 200 
 
Table 2: The mean and standard deviation results of the physiochemical pollutant test for 
treated laundry greywater 
 
 
 
XOC Characteristics of Laundry Greywater 
Table 3 shows the concentration of XOCs from all three laundry greywater samples. The XOC 
guidelines referred to the regulation values set by the World Health Organisation (WHO) 
(Etchepare et al., 2015; Gorchev et al., 2011). Several XOCs, namely benzoic acid, camphor, 
phenol, toluene and phenoxy ethanol were detected using the GC-MS method. In general, all 
the concentrations of XOCs decreased after the SWD treatment. The removal percentage of 
XOCs ranged between 28.89 % and 84.09 %.  
 Benzoic acid is a simple aromatic carboxylic acid, the derivative of a phenolic-based 
compound, which serves as a preservative and antioxidant in laundry products (Eriksson et al., 
2003). Long exposure to this chemical compound may have an estrogenic effect on humans and 
immature female characteristics of animals (Johnson et al., 2017). Table 3 shows the 
concentrations of benzoic acid for both raw and treated laundry greywater samples were 19000 
μg/L and 4200 μg/L, respectively. It achieved a removal percentage of 77.89 % for XOCs. Both 
raw and treated sample benzoic acid concentrations did not exceed the benchmark values 
provided by the XOC guidelines, which is a limit of 30000 μg/L. Thus, it shows that the benzoic 
acid concentration in the treated samples complied with the standards. 
 Next, camphor is a white flammable solid with a strong aroma which is normally used as 
fragrance in various laundry products (Narayan et al., 2012). It is a toxic chemical compound 
which can be fatal for infants and children when it is ingested in small doses (Narayan et al., 
2012). Table 3 shows that the concentration of camphor of both raw and treated laundry 
greywater samples were 11000 μg/L and 1750 μg/L, respectively. It achieved the highest 
removal percentage of 84.09 % for XOCs. The camphor concentrations for both raw and treated 
samples did not exceed the benchmark values provided by the XOC guidelines, which is a limit 
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of 12000 μg/L. Thus, it shows that the camphor concentration in the treated samples complied 
with the standards. 
 On the other hand, phenol is an aromatic organic compound present in white crystalline 
solid form. It is highly irritating to the skin, eyes, and mucus membranes in humans, which may 
lead to irregular breathing, cardiovascular effects, kidney and liver diseases and even coma 
(Tijani et al., 2013). Table 3 shows that the phenol concentrations of both raw and treated 
laundry greywater samples were 15500 μg/L and 8450 μg/L, respectively. It achieved a removal 
percentage of 45.48 % for XOCs. The phenol concentration of both raw and treated samples far 
exceeded the benchmark values provided by the XOC guidelines, which is a limit of 600 μg/L. 
Thus, it shows that the phenol concentration in the treated samples did not comply with the 
standards. 
 Meanwhile, toluene is an aromatic hydrocarbon solvent. It is often added to laundry 
products and acts as a solvent (Eriksson et al., 2003). Acute exposure to toluene has been 
reported to affect the central nervous system as well as the respiratory system among humans 
and animals (Gorchev et al., 2011). Table 3 shows that toluene concentrations in both raw and 
treated laundry greywater samples were 8850 μg/L and 4200 μg/L, respectively. It achieved a 
removal percentage of 52.54 % for XOCs. 
The toluene concentration for which both raw and treated samples far exceeded the benchmark 
values provided by XOC guidelines, which is a limit of 480 μg/L. Thus, it shows that the toluene 
concentration in the treated samples did not comply with the standards. 
 Phenoxy ethanol is an aromatic ether which is used in laundry products as a preservative 
and antioxidant (Braga et al., 2014; Eriksson et al., 2003). The toxicity of this chemical 
compound has been reported to affect respiratory and dermal systems among humans and 
animals (Tijani et al., 2013). Table 3 shows that the phenoxy ethanol concentrations of both 
raw and treated laundry greywater samples were 9000 μg/L and 6400 μg/L, respectively. It 
achieved the lowest removal percentage of only 28.89 % for XOCs. The phenoxy ethanol 
concentration in both raw and treated samples far exceeded the benchmark values provided by 
the XOC guidelines, which is 180 μg/L. Thus, it shows that the phenoxy ethanol concentration 
in the treated samples did not comply with the standards. 
 
Table 3: XOCs concentrations in both raw and treated laundry greywater 
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CONCLUSION 
The SWD treatment system exhibited a high efficiency for reducing chemical oxygen demand 
(COD), total suspended solids (TSS) and turbidity which complied with the standard 
requirements of the Interim Nation Water Quality Standard (INWQS) Class IV for the use of 
irrigation activities. It was proven that the removal percentages for COD, TSS and turbidity 
ranged from 98.6% to 98.9%, 94.9% to 100.0%, and 95.2% to 98.4%, respectively. Moreover, 
the SWD treatment system has the ability to increase the concentration of dissolved oxygen 
(DO) in treated greywater, neutralise the pH and alkalinity of laundry greywater, and balance 
the water temperature of treated laundry greywater to meet the standard limits of INWQS Class 
IV. However, the SWD treatment achieved a BOD removal rate ranging between 85.9% to 
90.8% where the BOD value of the treated laundry greywater ranged between 16 mg/L to 25 
mg/L. It showed that the BOD value of the treated laundry greywater decreased but it was still 
not low enough to comply with the standard limits required for the use of irrigation activities 
(<12 mg/L). Furthermore, the GC-MS test results showed that the removal percentage of XOC 
concentration ranged between 28.9% and 84.1%. All the concentrations of XOC in the laundry 
greywater samples decreased after the SWD treatment. Two (2) out of five (5) of the XOC 
concentrations were low enough to comply with the XOC guidelines. However, the treatment 
system should be implemented together with additional treatment features such as the greywater 
photocatalytic degradation system since SWD is cost-effective, eco-friendly and sustainable. 
SWD with additional features may produce more convincing results for the removal of XOCs 
from laundry greywater. 
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